A new approach for the theoretical description of structure formation in acoustic cavitation is developed. The model consists of two coupled partial differential equations describing the spatiotemporal evolution of the sound field amplitude and the bubble concentration. Linear stability analysis and numerical simulation• of the pattern formation are presented. The relation between this approach and streamer formation is discussed.
Due to (primary) Bjerknes forces, 73 the bubbles move to specific locations of the acoustic wave. This motion, however, changes the spatial distribution cff microbubbles, which by itself has a strong influence on the sound field due to the dependence of the speed of sound on the bubble concentration. This topic is addressed in Sec. I. In Sec. II we derive a partial differential equation for the amplitade of the sound field. It turns out that the dynamics of the amplitude can be described by a nonlinear Schrrdinger equation where the potential is replaced by the concentration of bubbles. The differential equation for the bubble concentration is derived in Sec. III. In Sees. IV and V boundary conditions and constants of motion are discussed. Section VI contains a linear stability analysis for perturbations of plane waves and uniform solutions that provides a criterion for long wavelength instabilities. They may be interpreted as the reason for the pattern formation as observed in the num½:rical simulations that will be presented in Sec. VII. The numerical methods used for solving our system of two coupled partial differential equations are briefly summarized in the Appendix.
I. DEPENDENCE OF SOUND SPEED ON THE BUBBLE CONCENTRATION
Let Pt,Pg and at,Otg be the density and the volume concentration of the liquid and the gas, respectively. Then the density p of the two-phase mixture is given by 
If we use the dimensionless variables •, y, and w,
where 08)
is the wave number and w is the dimensioMess •plitude of the sound field, we obtain the amplitude equation in the following form:
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The parameter r is difficult to estimate exactly. In any case, however, it has to be much larger than the period of the acoustic oscillation. Using Stokes's law ke--6 •r/xR o and Eq. (28), we obtain for ¾ the expression y= 3p/.l,(t_Or2 --Oi2)C2. 
can be described by the following ordinary differential equation:
Equation (48) 
is given by the following linearized equations: 
i.e., there exists a long-wavelength instability given by the threshold K• and a short-wavelength instability with threshold K 2. In Fig. 2 
VII. RESULTS OF NUMERICAL SIMULATIONS
In this section we present results of numerical simulations using Eqs. (37) The structures may be interpreted as the first step to the formation of streamers in the following way. The concentration inside of the structures formed is much higher than the initial distribution of bubbles. Therefore, after the formation of structures, secondary Bjerknes forces start to become important and have to be included. These secondary Bjerknes forces lead to coalescence of microbubbles. To describe this process it is necessary to generalize the model, taking into account secondary Bjerknes forces and a distribution of bubble sizes. Due to the coalescence of microbubbles and rectified diffusion, the structures become visible. These objects will be called streamers of the first generation in the following. In Fig. 7 such a streamer (denoted by S•) is shown schematically. The energy of the external sound field is concentrated mainly in the streamer, and its amplitude outside is very small. Therefore, due to the high concentration of bubbles in the streamer, the amplitude of secondary acoustic waves radiated by these bubbles is comparable with the external sound field outside. In Fig. 7 wave vectors of the external and the radiated sound field are denoted by k e and respectively. The resulting wave vector k gives the direction of the total acoustic field outside the streamer. In some sense we obtain a similar problem of stability for the new wave front F. This may lead to new structure formation in the direction of k, resulting in streamers of the second generation, S2. Interaction of streamers of both generations can change the geometry of the structure. Furthermore, the repetition of this process might produce fractal structures.
Future development of this approach should take into account secondary Bjerknes forces, rectified diffusion, coalescence, and destruction of bubbles of different sizes and the nonlinear character of bubble oscillations. Furthermore, to compare the theoretical approach with the experimental results (see Fig. 1 and Ref. 7) it is necessary to consider the case of standing waves in a two-dimensional geometry.
